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The Origins of Wireless Telegraphy Revisited 719 invented by Guglielmo Marconi (1874 Marconi ( -1937 . He argues instead that William Crookes had conceived of Hertzian wave telegraphy in 1892 and that Oliver Lodge (1851 Lodge ( -1940 demonstrated this before the British Association at its annual meeting in Oxford in 1894, one or two years before Marconi. In a critical passage, Aitken remarks, "Did Lodge in 1894 suggest in public that his equipment could be used for signalling? Did his lecture refer to the application of Hertzian waves to telegraphy? Did he demonstrate transmission and reception of Morse Code? The answer would seem to be affirmative in each case. In this sense Lodge must be recognized as the inventor of radio telegraphy."' This interpretation is quite novel and revisionist, since, before Aitken, Marconi had usually been regarded as the first to invent wireless telegraphy.5
In this article, I shall take up the priority dispute between Marconi and Lodge over the invention of wireless telegraphy. My analysis will show that any claim for Lodge's priority is incorrect. But my main purpose is not to argue instead for Marconi's priority. It is rather to deconstruct the Lodge versus Marconi debate to reveal how two totally different discourses (as noted in this article's epigraph from Silvanus Thompson) first came into being and how these were then reinforced by the different interests involved. After beginning with Aitken's evidence, I then turn to what was later claimed as Lodge's demonstration 4Hugh G.J. Aitken, Syntony and Spark: The Origins of Radio (New York, 1976; 2d ed. Princeton, N.J., 1985) (London, 1972) , pp. 41-42, with his Sir Oliver Lodge (London, 1974) , p. 97. AfterAitken, however, Lodge's priority was widely accepted. A recent biography of Lodge emphasizes Lodge's "radio transmission" in 1894, based on Aitken's account and Lodge's own; see Peter Rowlands, Oliver Lodge and the Liverpool Physical Society (Liverpool, 1990) , pp. 115-23. Rowland F. Pocock, The Early British Radio Industry (Manchester, 1988) , though admitting Marconi's originality, mentions Lodge's radio transmission in the Oxford lecture in 1894, on p. 82. G. A. Isted, a former assistant to Marconi, has lately written that Lodge's demonstration at the British Association in Oxford "is the earliest recorded instance of the transmission and reception of a signal by Hertzian waves and it is clearly of great historical importance." See G. A. Isted, "Guglielmo Marconi and the History of Radio: Part I," GeneralElectric Company Review 7, no. 1 (1991): 45-56 (esp. on 46). Aitken's argument is also picked up by Basalla (n. 3 above), p. 99. I should mention here that my criticism of Aitken is restricted to the origin of wireless telegraphy with reference to Lodge and Marconi. My work is much indebted to Aitken's valuable analysis on the interaction of scientific, technological, and economic factors in the early stage of wireless telegraphy.
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Sungook Hong of wireless telegraphy in 1894. It will be shown that this had nothing to do with telegraphy, nor with alphabetic signals, nor with dots and dashes. I then turn to the impact of Marconi and his British patent on the British Maxwellian physicists--in particular Lodge, Thompson (1851 Thompson ( -1916 , George F. FitzGerald (1851 -1901 , and John Ambrose Fleming .6 The transformation from Hertzian laboratory apparatus into commercial wireless telegraphy was in fact accomplished by Marconi, an Italian "practician." A certain disharmony between theory and practice became apparent. Moreover, Marconi's patent appeared so strong that it threatened to monopolize Hertzian waves and the British national interest. Under these circumstances, the image of Lodge as the inventor of wireless telegraphy was deliberately constructed by his friends and by Lodge himself.
This study clarifies not only the origin of wireless telegraphy with special reference to Marconi and Lodge but also the interaction between theory and practice in early radio history. It shows that two different discourses on the theory and practice in early wireless telegraphy--discourses which either emphasized the influence of science on technology or denied any relationship between them--were constructed by different groups of participants.' My study also illustrates the way in which the historical "facts" are at times constructed, as well as the way in which these facts are analyzed by carefully cross-checking the sources. My ultimate hope is that this article will contribute to rehabilitating the priority dispute as an object of historical research.8
FIemings Marconi Memorial Lecture in 1937
Aitken has critically examined various sources concerning the Lodge versus Marconi priority issue. Besides Lodge's own recollections, Aitken bases his conclusions on two other sources. The first is a short article in ' For the lives and works of the British Maxwellian physicists, see Jed Z. Buchwald, Fmm Maxwell to Microphysics (Chicago, 1985) ; and Bruce J. Hunt, The Maxwellians (Ithaca, N. Y., 1991) .
7For the relation between science and technology in early wireless telegraphy, see the analysis of Hugh G.J. Aitken, "Science, Technology and Economics: The Invention of Radio as a Case Study," in The Dynamics of Science and Technology, ed. W. Krohn, Edwin T. Layton, Jr., and Peter Weingart (Dordrecht, 1978) fig. 1 ].... I was present in June 1894 at your famous lecture at the Royal Institution on "The Work of Hertz" and remember well your experiments with your coherer. But to the best of my recollection there was no direct reference to "telegraphy" in that lecture. I was not present at the B.A. meeting at Oxford, but ... it is very important to know from you whether at Oxford in 1894 you exhibited a Hertz oscillator connected with coherer and used a telegraphic relay in connection with it and morse inker and showed the transmission and printing of dots and dash signals over any short distance.13 Lodge replied that at Oxford he had actually used telegraphic instruments and transmitted alphabetic signals, that is, dots and dashes:
You are perfectly right that in 1894 at the Royal Institution I did not refer to telegraphy. But, stimulated by Muirhead, who had close connection with telegraphy and cables, I did at Oxford demonstrate actual telegraphy. I had a Morse instrument there, but it was not convenient for the large audience in the Museum theatre, and therefore I used as receiver a Thomson marine signalling device supplied by Muirhead's firm for that purpose, though I had a Morse instrument on the table which I could have used instead. But the deflections of the spot of light were plainly visible to the audience, and gave quick and prolonged response corresponding to the dots and dashes according to the manipulation of the key at the distant end.'4 "John Ambrose Fleming to Oliver Lodge, August 24, 1937, Lodge Collection, University College London (hereafter UCL) (emphasis in original). W.H. Eccles's book is titled Wireless (London, 1933 LodgeS Experiments with Hertzian Waves Oliver Lodge, an ambitious Maxwellian and professor of physics at University College, Liverpool, worked on the various characteristics of Hertzian waves between 1888 and 1894. The links between optics and electromagnetism particularly attracted him. The subject was faithfully Maxwellian, as it had a root in Maxwell's doctrine that light and electromagnetic waves were the same. It was also truly Lodgian "imperial science," as it led electrical science to the conquest of other fields-in this case, optics and physiology. The subject came to be divided into two parts: first, the physical investigation of the quasi-optical property of electromagnetic waves-that is, reflection, refraction, and polarization of the electromagnetic waves in air, in other media, and in some cases along the wires; second, the physiological investigation of the mechanism of the perception of light (color, intensity, and so on) by human eyes.'"
With these experiments, Lodge made two important advances. First, he constructed a radiator that generated waves with wavelengths of several inches. Hertz had once used the wavelength of 66 centimeters, but that was still too long for most optical experiments. Because of the difficulty in decreasing the wavelength with Hertz's dipole radiator, Lodge turned to a spherical radiator. In 1890, Lodge used three 12-centimeter balls and obtained 17-centimeter waves, "the shortest yet dealt with."'7 Lodge then went further along this line of development and devised two more spherical radiators that he exhibited in his Friday Evening Lecture on the "Work of Hertz" at the Royal Institution in June 1894.
Lodge's second line of research was on detectors. The Hertzian wave was at first detected by a small spark-gap resonator. But this spark-gap '"For Lodge's early conceptions of electromagnetic waves, see Jed Z. Buchwald, "Wave Guides and Radiators in Maxwellian Electrodynamics," published as app. 1 to his The Creation of Scientific Effects: Heinrich Hertz and Electric Waves (Chicago, 1994) . See also Hunt, The Maxwellians (n. 6 above), pp. 24-47. Lodge's research after 1888 is best described in Aitken, Syntony and Spark (n. 4 above), pp. resonator was not suitable for Lodge's physiological research. For example, nothing in the spark-gap detector corresponded to different color perceptions in human eyes. Lodge, therefore, concentrated on the construction of an "electric eye." In 1890, his assistant Edward Robinson constructed a "gradated receiver," and Lodge tried "a series of long cylinders" of various diameters. The principle of both detectors was to make each of them respond to a specific radiation, forming "an electric eye with a definite range of colour sensation." In 1891 Lodge exhibited an electric eye of Robinson's type at the Physical Society, London, which had "strips of tin foil of different lengths attached to a glass plate, and spark gaps at each end which separate them from other pieces of foil."' Yet, it was not the electric-eye resonator that was associated with the name of Lodge. Rather, it was the coherer. To understand Lodge's coherer, we need to examine its prehistory briefly. In 1890, while experimenting on lightning rods, Lodge found that two metallic conductors separated by a very tiny air gap were fused when the oscillatory discharge passed through them. At that time, Lodge accepted David Hughes's explanation that this was a thermoelectric phenomenon and dropped the subject. In 1890, Edouard Branly in France found that fine copper filings, capsuled into a glass tube, were conducting only feebly under ordinary conditions but that their conductivity was abruptly increased when a spark was generated nearby. Branly's tube was introduced in Britain when the Electrician fully translated his articles with figures, but they were apparently overlooked at that time. The tube was noticed later, however, by Dawson Turner, who demonstrated the decrease of the resistance of copper filings at the British Association meeting in Edinburgh in 1892. Turner's demonstration was seen by W. B. Croft, who addressed a short experiment on the same phenomenon before the Physical Society, London, in October 1893. There, George M. Minchin, one of those interested in Hertzian waves, noticed the similarity between Croft's (actually Branly's) tube and his solar cell's response to Hertzian waves. Minchin immediately read a paper on the subject at the Physical Society. While hearing Minchin's paper, Lodge noticed that Branly's and Minchin's discovery was very similar to his previous research on the action of lightning discharge to a very tiny metallic gap. Lodge reasoned that electromagnetic radiation made the metallic molecules both in the filings and in the microscopic air gap actually cohere with one another. Based on this similarity, Lodge soon devised a single-point contact "coherer," in which a spring wire formed a slight contact with an aluminum plate, and soon found that its 'sIbid.; and Oliver Lodge, "Some Experiments with Leyden Jars" (abstract), Nature 43 (1891): 238-39.
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Sungook Hong sensitivity as a detector was not only much better than ordinary spark-gap resonators but also better than Branly's filing tube."9
Lodge therefore had two new detectors, his coherer and Branly's tube. Initially, Lodge called only his single-point detector a coherer, but the name "coherer" soon came to designate both types. Both Lodge's coherer and Branly's tube were connected in series to a battery and a galvanometer. Under this condition, they act like an on-off switch: before a Hertzian wave strikes them, their resistances are very high, as if the switch were off, but when a Hertzian wave strikes them, their resistances fall off, as if the switch were turned on. This action makes the current flow from a battery, and the current can be detected by a galvanometer. The two detectors, however, differed in sensitivity. At Liverpool on April 17, 1894, Lodge found that the filing tube could detect radiation emitted from 40 yards away. However, "a sender in Zoology Theatre affected the coherer in Physics Theatre perceptibly," a distance of perhaps 70 yards.20 Though more sensitive, Lodge's coherer was less stable than the filing tube. In addition, Branly's tube had a crude metrical character: its decrease in resistance seemed roughly proportional to the intensity of the Hertzian waves. This resembled a human eye's perception of the light of different intensity. For physiological experiments, therefore, Branly's tube was more suitable than Lodge's single-point contact coherer.
On January 1, 1894, Hertz died at the age of 36, and Lodge delivered a Hertz Memorial Lecture at the Royal Institution Friday Evening Lecture on June 1. Here Lodge spoke on the life and work of Hertz, exhibited Hertz's and his own radiators and detectors, and then performed several experiments.21 The demonstrations were divided into a physical and a physiological part. In the first part, he demonstrated reflection, refraction, and polarization of the Hertzian waves. For this purpose, Lodge used his spherical radiator enclosed in a metallic box 'Rowlands (n. 5 above), pp. 116-17.
21The lecture, "The Work of Hertz," was published in Nature, the Electrician (with illustrations), and later in the Proceedings of the Royal Institution. The reference here is to Oliver Lodge, "The Work of Hertz," Nature 50 (1894) and a Branly tube in a copper hat as a detector, and a mirror galvanometer as a signal indicator ( fig. 2 ). In the second part, he explained the function of human eyes by means of the analogy of the coherer. "When light falls upon the retina," Lodge said, "these gaps become more or less conducting, and the nerves are stimulated."'' Lodge also tried an outdoor experiment, in which the receiver was in the theater and the transmitter was in the library of the Royal Institution, separated across 40 yards by three rooms and stairs. I shall return to this outdoor experiment after examining Lodge's other demonstrations.
The coherer, in particular the Branly tube, had a character that was absent in the spark-gap resonator. After detecting electromagnetic waves, the coherer needed to be mechanically vibrated or "tapped" to make it ready for the next wave trains. This feature raised a question with relation to physiological concerns. To what, in human eyes, did this tapping correspond? Lodge assumed that, in the eye, "the tapping back is done automatically by the tissues, so that it is always ready for a new impression." How to demonstrate this automatic tapping in human eyes? Lodge prepared an electric bell, which was mounted on the same board as the filing tube. By constantly vibrating itself, and thus by constantly shaking the table and the coherer on it, the bell always made the coherer ready to detect new waves.23 Was Lodge's lecture successful? It is true that the published abstracts in Nature and the Electrician were read worldwide. Nevertheless, the nLodge, "Work of Hertz," p. 137. "Ibid. It is noteworthy that the bell was neither connected to the coherer circuit nor tapped the coherer directly.
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Sungook Hong demonstrations were rather unsuccessful. The Electrician noted that "the experiments were performed under very unfavourable conditions.""24 Moreover, the "lack of enthusiasm" in Lodge's lecture was contrasted with the success of Nikola Tesla's lecture a year earlier, where "the weird waving of glowing tubes in the suitably darkened room" impressed everyone. What Lodge lacked was a "theatrical effect" or "scenic setting." Neither the sound of the spark nor the "moderate galvanometer" connected to the coherer was theatrical. In particular, the galvanometer was very tricky. It proved to be a "very lively kind of galvanometer" for the coherer circuit. The swing of the needle was not stable, not even when there were no waves. For success subsequently, the Electrician suggested using a more effective galvanometer such as a deadbeat galvanometer.
No detailed descriptions about the galvanometer used by Lodge survive. From the abstract and the figure, we see that Lodge used a mirror galvanometer.25 From the comment in the Electrician, we understand that it was not of a deadbeat type. From other pieces of evidence, we know that Lodge had not paid much attention to the galvanometer, in contrast to the situation several years earlier. Before the coherer, for example, FitzGerald, Lodge's closest friend and professor of natural and experimental philosophy at Trinity College, Dublin, had constructed an extremely sensitive galvanometer to show to an audience the detection of waves. This instrument would have needed to detect the disturbance of electric equilibrium caused by a tiny spark.26 The coherer, an on-off switch, made such a sensitive galvanometer unnecessary, because the galvanometer had to detect only a relatively large current from a battery, triggered by the action of the coherer. As Lodge noted, "a rough galvanometer" was therefore sufficient27
But why was the galvanometer troublesome at the crucial moment? Lodge suspected that the source of the trouble was the electric bell used for the automatic tapping. There is a "jerk current" in the electric bell, which would certainly influence the adjacent coherer electrically. The jerky current "produces one effect, and a mechanical vibration ... produces an opposite effect; hence the spot of light can hardly keep still." He knew the way to eliminate this: a "clockwork" that did not use an electric current "might do better."2 As we shall see, Lodge actually employed the clockwork in his Oxford lecture two months later. "See also Lodge's exhibition of the portable detector of his assistant's design at the Royal Society soiree a few days after his Friday Lecture, in "The Royal Society Conversazione," Nature 50 (1894) 3"Muirhead was excited after Lodge's Oxford lecture, and "the next day he went to Lodge with the suggestion that messages could be sent by use of these waves to feed cables." See M. E. Muirhead, Alexander Muirhead (Oxford, 1926) , p. 39, quoted in Pocock (n. 5 above), p. 83.
"Rowlands (n. 5 above), p. 148, n. 30. Thomson's marine galvanometer was a very sensitive current-measuring device specially designed so that the swing of a ship could not change the readings. In principle, it utilized rotation of a small magnet fixed in the middle of the coils by silk fiber. When magnetic fields were created around the coils by the action 730 Sungook Hong is, I think, highly plausible, not because Muirhead had been inspired by Lodge's June lecture, but because Lodge had borrowed from Muirhead such a device at various times since the late 1880s.' In addition, as we have seen, Lodge had an urgent reason to use a deadbeat galvanometer. He had experienced serious trouble in his "lively kind" galvanometer in the June lecture, and the Electrician had recommended the employment of a deadbeat galvanometer for future success. These factors might be the real motivations for Lodge's use of a Thomson marine galvanometer at Oxford, if it was actually used there.
Let us return to Lodge's outdoor experiment at the Royal Institution. Why did Lodge perform this experiment? Evidently, it was not to determine the maximum transmitting distance, nor to show the wave's penetrability of walls. Its real purpose lay in physiological concerns. With a metrical Branly tube and an electric bell, Lodge wanted to show that the coherer could discern Hertzian waves of various intensities Oust as the human eye could). The easiest way to vary the intensity of waves was to adjust the distance between transmitter and receiver. Lodge placed a 6-inch sphere radiator in the library of the Royal Institution, which had two advantages. First, owing to the theory of Horace Lamb and J.J. Thomson, it was easy to estimate the wavelength: with a 6-inch radiator, the wavelength was about 8 or 9 inches. Second, owing to FitzGerald's theory, it was known that the energy of radiation at a distance, other things being equal, is inversely proportional to the fourth power of the wavelength. That is, the shorter the wavelength, the more the energy of radiation, and thus the higher the possibility of being detected at a distance. The belief that short waves had more power to travel farther than long waves was strongly inscribed in Lodge's mind.35 But even with the short wave, Lodge estimated that "something more like half a mile of current, the small magnet was forced to rotate, and this effect was magnified by the reflection of a ray of light from a small mirror fastened to the magnet. The Origins of Wireless Telegraphy Revisited 731 was nearer the limit of sensitiveness," even though he appended that "this is a rash statement not at present verified."" What was the result of this first outdoor experiment? Was it successful? Lodge and his friends later repeated that the experiment was a great success. The answer was, however, both yes and no: no, because he failed to detect the wave with a metrical filing tube; yes, because he detected it with his sensitive coherer. Lodge's manuscript confirms this: "The spherical radiator ... though it could excite the filings tube ... when 60 yards away in the open air, yet could not excite it perceptibly when screened off by so many walls and metal surfaces as exist between the Library and Theatre of the Royal Institution. It could, however, still easily excite the coherer, which is immensely more sensitive, and also more troublesome and occasionally capricious than is a tube of iron filings.""7 With this experiment he was thus unable to show the metrical response of the Branly filing tube to radiations of various intensities.
Two months later, on August 14, 1894, at the joint session of the Physics and Physiology sections of the British Association, Lodge delivered two lectures and demonstrations on Hertzian waves at the theater in the museum of Oxford University. The first lecture was on "Experiments Illustrating Clerk Maxwell's Theory of Light"; the second was on "An Electrical Theory of Vision." In a sense, he split his previous Friday Lecture into two. In the first lecture, Lodge used a spherical radiator and a copper hat to concentrate the radiation. As before, Branly's tube and Lodge's coherer were used as detectors, with most experiments done with Branly's device. Refractions and reflections of Hertzian waves were demonstrated with lenses, gold papers, the human body, paraffin prisms, and a slab of wood. Polarization was shown with a copper wire polarizer; splitting of the polarized ray into the two elliptically polarized rays was also demonstrated. These experiments were "very beautifully, very carefully and very convincingly demonstrated," and "the audience ... repeatedly showed its warm appreciation." Lodge's employment of a deadbeat galvanometer might have been a reason for the success.' Geoge Francis FitzGerald, ed. Joseph Lamor (London, 1902), pp. 122-26. For Lodge, see Lodge, Advancing Science (n. 31 above), p. 165.
6Lodge, "Work of Hertz" (n. 21 above), pp. 135-37. 37Oliver Lodge, "Notes on the History of the Coherer Method of Detecting Hertzian Waves and other Similar Matters" (n.d.), Lodge Collection, UCL. In the published article, a similar paragraph read, "Almost any filing tube could detect signals from a distance of 60 yards, with a mere six-inch sphere as emitter and without the slightest trouble, but the single-point coherer was usually much more sensitive than any filing tube." See Lodge, "History of the Coherer Principle" (n. 19 above), p. 90.
'Since the lectures were not published, I rely on the brief reports of the meetings of the British Association published in Nature, Electrician, Engineering, and London Times, all of Sungook Hong These were really "the prologue" of Lodge's second lecture and demonstrations. In this lecture, Lodge proposed his hypothesis concerning the theory of vision that the coherer circuit "may be taken as an analogous, and may, ex hypothesi, be an enlarged model of the mechanism of vision." According to this hypothesis, "the retinal elements constitute an imperfect conductor, and ... the light waves would cause a sudden diminution in the resistance of the elements."Yet, once struck by the wave, the coherer "has a tendency to persist in its lessened resistance" and therefore requires tapping "to jerk the coherer contact back to its normal state of badness." For this tapping, he used "a sort of clockwork apparatus which automatically produces the tap every tenth of a second." With this device, Lodge showed that "for a continuous radiation the coherer showed continuous indications, which died away when the radiation ceased.""
Where was the transmitter in the physiological experiments? The issue has never been examined critically. Four years later, in 1898, Thompson-Lodge's close friend and professor of applied physics and electrical engineering of the Finsbury Technical College-commented that the radiator was in the Clarendon Laboratory, the building adjacent to the museum, at a distance of 200 yards." I believe that Thompson's statement may be erroneous, because Lodge, in his various recollections, never mentioned the Clarendon Laboratory. He would only remark that "in both cases, signalling was easily carried on from a distance through walls and other obstacles, an emitter being outside and a galvanometer detector inside the room," or that "this [sending] apparatus was in another room."41 Contrary to Lodge's and Thompson's remarks, the four sources on which I have relied for my account say nothing about the outdoor trial at all. Considering this evidence, as well as Lodge's previous trouble with the outdoor experiment at the Royal Institution, it may be said that the distance traversed by Hertzian waves in the Oxford lecture was fairly modest.
The lecture was followed by heated discussions by such physicists as Lord Rayleigh, Henry E. Armstrong, and FitzGerald, and the physiolo- gists Burdon Sanderson and Edward A. Sharpey-Schifer, marking a great success. But that was all. There is not the slightest hint of telegraphic signals, nor "dots and dashes." With his improved automatic tapper, Lodge showed the persistency of vision and mere sensation of light, which corresponded to the continuous and short indication of the galvanometer. But that was far from dots and dashes for alphabetic signals. From beginning to end, the lecture was entirely "Lodgian." His purpose was to investigate the relation between optics and electromagnetism, between light and electromagnetic waves, and between optical receptors and electromagnetic ones. After the lecture, despite Muirhead's and Rayleigh's suggestions, Lodge did not pursue this subject further. He soon busied himself with ether experiments, X-rays, and psychic researches.
The preceding examination has shown that Lodge's first argument, namely, that he actually transmitted dots and dashes for alphabetic signals in the Oxford meeting, is doubtful. Let us next examine Lodge's second argument about "a Morse instrument," mentioned in his letter to Fleming. Fleming thought that this instrument must be a Morse inker. But it was not. Ironically, Aitken's first source reveals its nature. It listed five instruments used in Lodge's Oxford demonstrations, and one of them is "Morse instrument to shake the filings"42 (emphasis added). Lodge's Morse instrument was nothing but a clockwork or an automatic tapper that he used for tapping the coherer. To be sure, the Morse instrument that Lodge used for the clockwork was a telegraphic device, but he used this telegraphic device for nontelegraphic purposes, as confirmed by himself in his description of the automatic tapper in the Oxford meeting: "The tapping back was at first performed by hand ... but automatic tappers were very soon arranged; ... an electric bell was not found very satisfactory, however, because of the disturbances caused by the little spark at its contact breaker ... so a clockwork tapper, consisting of a rotating spoke wheel driven by the clockwork of a Morse instrument, and giving to the filings tube or to a coherer a series of jerks occurring at regular intervals ... was also employed."" The "Morse instrument" was neither a Morse inker nor a substitute for a galvanometer. To understand how a clockwork was transformed into a Morse detector, we now examine the impact of Marconi's wireless telegraphy on the British Maxwellians.
Marconi, Preece, the Maxwellians, and "Practice versus Theory" Since 1886, Lodge and his Maxwellian friends, Oliver Heaviside (1850-1925) in particular, had been involved in a bitter controversy-Sungook Hong the so-called Practice vs. Theory controversy--with William H. Preece (1834 -1913 , an eminent practical telegrapher of the Post Office. The issues of the controversy involved the role of the self-induction of lines and its implication in long-distance telephony and lightning conductors. Heaviside's counterintuitive, theoretical claim for the beneficial effect of self-induction for long-distance telephony was severely rebuked by Preece, who based his argument on his practice and experience in the field. The news that Hertz had discovered Maxwell's electromagnetic waves was known to them in 1888, when Lodge was attempting to generate and detect electromagnetic waves on wires with Leyden-jar discharge. Even though Hertz deprived Lodge of credit for the discovery of electromagnetic waves, and even though the electromagnetic wave was not directly related to the controversies, Hertz's discovery certainly had a favorable impact for the Maxwellians, allowing them to defeat Preece. The most important part of Maxwell's theory was proved, and it was followed by Sir William Thomson's warm recognition of Heaviside's mathematical work in 1889, marking the victory of the theoretical men over practicians. Hertz's discovery of Maxwell's electromagnetic waves was timely and was good for theoreticians."
In 1896, Marconi came to England with his "secret box" (see fig. 3 ). In July 1896, Preece, then chief engineer of the Post Office, became Marconi's first, and most potent, patron. As Preece had had interests in induction telegraphy for several years, he might have realized a possibility of commercial wireless telegraphy in Marconi's demonstration. But in Marconi's apparatus Preece saw more than commercial possibility; it was a good means of revenge against the theoretical camp of the Maxwellians. Like Preece himself, Marconi was "what Mr. Oliver Heaviside calls a 'practician,' " who knew nothing about Maxwell's mathematical theory and perhaps little about Hertz's physical experiments. But Marconi had developed the Hertzian wave telegraphy, which Lodge had failed to do. To Preece, Marconi's success was a marvelous example of the superiority of practice over theory. The Hertzian wave that had defeated Preece in 1888 now became his weapon. Sungook Hong FitzGerald to Heaviside: "On the last day but one Preece surprised us all by saying that he had taken up an Italian adventurer who had done no more than Lodge & others had done in observing Hertzian radiations at a distance. Many of us were very indignant at this over-looking of British work for an Italian manufacturer. Science 'made in Germany' we are accustomed to but 'made in Italy' by an unknown firm was too bad."'4 According to the later recollection, Lodge did not get up to refute Preece, who was "far more ignorant than he ought to have been of what had been already done," but "retired to [his] laboratory and rigged up an arrangement which I showed to Lord Kelvin and a few others, saying 'This is what Preece was talking about. ' "49 In December 1896, Preece again publicized Marconi's feat in his public lecture at Toynbee Hall and promised there to spare no expense for Marconi's research. This promise especially upset the Maxwellians, because they were then engaged in difficult negotiations with the British government to secure financial support (?35,000) for the establishment of the National Physical Laboratory (NPL). Lodge had initiated the movement in 1891 at the British Association's annual meeting. When it was revived in 1895 by Douglas Galton, Lodge was appointed as secretary of the British Association Committee on the Establishment of an NPL. FitzGerald had also emphasized the role of science in industrial development." The Maxwellians were at first nervous about Preece, who continuously publicized Marconi as the "inventor of wireless telegraphy," and who, as an influential person at the Post Office, ignored the role of scientific research. Yet, their attitude to Marconi was not very hostile initially. In March 1897, in a letter to Thompson, Lodge expressed his hope that "M[arconi] is improving things all around & going to bring it in commercially." It was certainly because Lodge thought that "there will be many improvements in details wanted before that can be done.""' But things were moving rapidly. Somebody had coined and publicized the term "Marconi waves"; Marconi approved of it. In an interview with McClureS Magazine, Marconi remarked that his wave from the vertical antenna was not same as Hertz's wave. He 53Concerning Marconi's secret box, there was an interesting story. When Frederick T. Trouton, an assistant of FitzGerald, found an ordinary glass-tube coherer in Marconi's secret box, Marconi slammed it down again, saying, "you would steal my invention." On this, see Jolly, Sir Oliver Lodge (n. 5 above), p. 148. FitzGerald seems to have first solved the puzzle of the Marconi system. He analyzed that "what Marconi is doing with his kites, poles &c &c, is to manufacture an enormous radiator and it is not the short waves of his double ball arrangement that he is emitting and receiving but the very much longer waves of his whole system. By connecting to earth he uses the earth as the second plate of his transmitter.... Anyway a big open system is the thing." See George E FitzGerald to Oliver Lodge, October 30, 1897, Lodge Collection, UCL.
""The Man in the Street of Science" (lead article), Electrician 39 (1897): 546-47. 55Oliver Lodge to Silvanus P. Thompson, June 1, 1897, Lodge Collection, UCL.
Sungook Hong mile was the wildest dream." By doing so, Preece successfully derided a theoretician's rash prediction and "scored an effective hit.",%
The lecture was a blow not only to Lodge but also to most British Maxwellians who had engaged in controversy with Preece several years before. "Preece is," FitzGerald wrote to Lodge indignantly, "distinctly and intentionally scoffing at scientific men and deserves severe rebuke."57 Lodge was concerned about his credits as a mediator between pure scientific research and commercial wireless telegraphy. In his immediate response as a letter to the London Times, Lodge explained that the prediction of a half mile was "a scientific one, concerning the small and early apparatus." He emphasized that he himself showed "the same plan of signalling in 1894." Lodge also emphasized that Marconi's coherer had been used by Rayleigh and Lodge himself.8
Lodge here tried two different, but related, strategies. The first was to stress the essential similarity of his 1894 experiments to Marconi's telegraphy. As Lodge reminded Thompson, "we had the automatic tapping back in '94 at Oxford; ... we have really had the tapper worked as a relay too & collectors to the coherer; in fact, the whole thing except the best conducting vacuum coherer."59 Lodge's second strategy was to find the connection between the efforts of the British scientific men like Lodge and Marconi's wireless telegraphy. But neither of these two strategies was easy. Lodge's 1894 lectures were not of a telegraphic nature at all, and the connections of the British scientists with Marconi were too indirect. Frederick T. Trouton, an assistant of FitzGerald, had advised Marconi in 1893 or 1894 via one of Marconi's friends. But Trouton's advice proved neither scientific nor of the technical kind." Such efforts, however, became meaningless after Marconi's patent was accepted. The impact of Marconi's patent was much more profound than his practical successes.
Marconi Patent "for Everything" On June 16, 1897, about two weeks after Preece's Royal Institution lecture, and two weeks before the final acceptance of Marconi's patent, an interesting demonstration was held at the Royal Society soiree. In the entrance hall, Preece and Marconi demonstrated wireless telegraphy in their receptive method of "Signalling through Space without Wires"; on 
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Sungook Hong Without doubt, Marconi could safely patent two things: a tapper activated by the relay current," and an antenna, that is, the aerial and the earth connection for the transmitter and the coherer." Except for these two, the matter was extremely uncertain. His transmitter was of the Righi type, his detector was an improved Branly filing-tube coherer, and his relay and inker were ordinary telegraphic devices. The coherer was most problematic. Even though the British patent on invention was given to the one who had first applied for it rather than to the person who had first invented the device or published it, it was generally believed that Marconi's claim on the coherer must be a modest one, restricting his claim to the improvement of its sensitivity. Even expert opinion was vacillating, as is shown by the following remark of FitzGerald:
Trouton was sufficiently impressed with its [Marconi's secret box's] value to venture some money in the concern. Since finding out how the thing is really worked he has become much more doubtful as to the validity of the patents and has refused to put any more money into it. It is all a question of patent rights and may depend on such a question as that mercury [in the coherer] is important in order to make the thing work with certainty and that a hammer worked by the relay itself is important and so forth. If these things are of value and patentable, the patents may be of considerable importance. Branly's tube, Righi's emitter &c are all certainly impatentable, but so many things go to make up a workable invention that Marconi's patents may be valuable."
However, FitzGerald's conclusion was optimistic: "As far as I can judge from what I am told it is only details that are patentable and their value is not proved." The editorial opinion of the Electrician was similar. This predicted that Marconi's patent would not be a master patent, because the general principles underlying the apparatus, as well as the apparatuses themselves, were not new.67 And there was another factor contributing to such optimism. Since Marconi was not a man of science, he had probably committed an error in describing the principle of wireless telegraphy (as he did in his provisional specification). If such were the As the contents of Marconi's patent were publicized, his secret box was finally opened (see fig. 4 ). Marconi detailed his inventions and attached nineteen claims. To everyone's surprise, most of these claims were related to coherers and the various methods of connecting them, such as the ground connection. The claims were not limited to his improvement, but to the coherer itself. There were claims on the ball transmitters of Righi type, relay and hammer tapper, even his improved induction coils and the antenna (elevated condenser plate, not vertical wire)." In addition, an awkward expression like "transmitting through earth and water" was replaced by a more refined expression like 6?Aitken, Syntony and Spark (n. 4 above), p. 204. 'John Fletcher Moulton (1844 -1921 "Under the British patent system at that time, in which the comptroller of the Patent Office had no power over the contents of the patent, an inventor could claim as many inventions as he wanted in a single specification at his own risk. In cases of some new inventions, an inventor could deliberately forge the claims with the effect of monopolizing the "principle" of that invention, rather than merely a specific artifact. Marconi's patent was close to such cases. James Watt's powerful patent on his new steam engine with a separate condenser is another example. Refer to Encyclopaedia Britannica (Chicago, 1961) transmitting "where obstacles, such as many houses or a hill or mountains, intervene between the transmitter and the receiver."" In terms of scientific principles, there was no mistake. FitzGerald noted that "Moulton has drawn his patents too cutely to commit him to any particular theory of what he is doing." Even the critical Electrician appraised the specification as "a model of perspicuity."" How did Marconi, who was thought of as a modest and open youth, dare to claim everything in the Hertzian waves? How did he claim an originality over the Branly tube that had been used and improved by Lodge, and over the ball transmitter of Righi type?75 Once Marconi's widely ranging patent was accepted, Lodge had to withdraw his claims on the coherer and tapping device in filing his complete specification the following year. Only the principle of syntony was left in Lodge's patent. With this defeat, Lodge must have felt an immense frustration and a feeling of betrayal. 'Just after Marconi's patent was published, Electrician published a series of articles on the coherer, including Lodge's "History of the Coherer Principle" (n. 19 above).
744
Sungook Hong was that "Lodge described and exhibited publicly in operation a combination of sending and receiving apparatus constituting a system of telegraphy substantially the same as that now claimed in" Marconi's patent, and that "Dr. Lodge published enough three years ago to enable the most simple-minded 'practician' to compound a system of practical telegraphy."" These two strategies are exactly the same as Lodge's two strategies, namely, identifying the principles of his experiments in 1894 with those in Marconi's wireless telegraphy and stressing the possible influence of Lodge on Marconi.
After 1898, the "Maxwell-Hertz-Marconi" genealogy in wireless telegraphy was firmly established. More so, Lodge and Thompson tried all possible ways of refuting Marconi. In order to weaken Marconi's patent, they advertised that, due to the wires ("base lines," as Thompson called them), "there is no such thing as wireless telegraphy." They publicized other scientists' success, particularly Adolf Slaby's success in Germany.8" But, most important for our discussions, Lodge's 1894 experiments began to be interpreted as telegraphic in nature. Thompson for the first time forged the claim that "on several occasions, and notably at Oxford in 1894, he showed how such coherers could be used in transmitting telegraphic signals to a distance. He showed that they would work through solid walls. Lodge's great distance at that time had not exceeded some 100 or 150 yards. Communication was thus made between the University Museum and the adjacent building of the Clarendon Laboratory""82 (emphasis added). It marked the beginning of the long story of Lodge's telegraphy in 1894.
Thompson's "telegraphic interpretation" of Lodge's 1894 experiments did not appear in Lodge's own writings. In 1900, Lodge admitted that "the writer [Lodge] himself did not pursue the matter into telegraphic application, because he was unaware that there would be any demand for this kind of telegraph.""3 In the third edition of his Signalling thmugh Space without Wires (1900), which Fleming even criticized as "a perversion of fact,"84 Lodge's recollection was essentially the same, saying that "so far as the present author was concerned he did not realise that there would be any particular advantage in thus with difficulty telegraphing across space.... In this non-perception of the practical uses of wireless telegraphy he undoubtedly erred."85 80"Dr. Oliver Lodge's Apparatus for Wireless Telegraphy" (n. 9 above). 8"Thompson, "Telegraphy Across Space" (n. 40 above); "Dr. Preece was skeptical about the litigation, it was finally given up. The following year, the Royal Navy, which had been suspicious of Marconi's connection with the Italian Navy, prepared another litigation and was given the report of Lodge and Thompson from the Post Office. This litigation was finally abandoned, after Captain HenryJackson, an expert in wireless telegraphy in the Royal Navy and Marconi's friend, advised the Admiralty not to pursue it.8 Instead of contracting with the Marconi Company, Lloyd's had tried to develop its own system.
The year 1901 was a very lucky one for Marconi. Lodge eventually abandoned induction telegraphy after his failure in the summer. The Royal Navy and Lloyd's contracted with the Marconi Company for the use of Marconi's system. In December 1901, Marconi succeeded in the transatlantic transmission of the signal "SSS" over 1,800 miles. After this event, Marconi's success was too obvious to be challenged. Lodge and Thompson lost their chance. Moreover, as Fleming, Lodge's friend and professor of electrical engineering at University College, London, became scientific advisor to the Marconi Company in 1899 and FitzGerald died in 1901, the Maxwellian camp was breaking up. The situation became more and more unbearable to Lodge and Thompson, who thought that Marconi's successes were based on his violation of the rules of the game in 1896-97.
In April 1902, even before the heat of Marconi's first transatlantic success had dissipated, Thompson revived the issue of the invention of 746 Sungook Hong wireless telegraphy by attacking Marconi in the Saturday Review. He wrote that "Signor Marconi is not the inventor, but the skilled exploiter, of telegraphy without wires" and that "the original inventor of the wireless telegraphy" is "Professor Oliver Lodge." Lodge was transformed here from a pioneer to the original inventor of wireless telegraphy. Thompson's evidence was nothing new: Lodge had used a ball oscillator, coherer, relay, and automatic tapper in 1894 and delivered "a signal in the telegraphic instrument.""89 Thompson's motivation was also unoriginal: Marconi, consciously or unconsciously, devalued scientists' prior credits by violating the rules of the game.
Lodge wrote to Thompson in appreciation of "the way in which you refer to my claims or rights in the matter." He added that "the opinion of one who is always so well informed on historical subjects ought to carry considerable weight."" Marconi, however, was embarrassed by Thompson's attack. In his reply, Marconi stressed his priority in patents and the novelty in his antenna and tapper design.9' Thompson rejoined again, criticizing Marconi: "Now the matter does not rest on any assertion of mine (for there are scores of persons living who witnessed it) that in 1894 Principal Lodge did publicly transmit signals from one building to another, through several stone walls, without connecting wires, by means of Hertzian waves which were received perfectly clearly upon a telegraphic instrument to which these waves were relayed by means of an automatically tapped 'coherer.' If that is not wireless telegraphy, then the term has no meaning.""9 On this matter, Marconi, who was not good at controversy and had not been in Britain in 1894, could make no further reply.
The issue was raised again in 1906, when the second International Congress on Wireless Telegraphy took place. Thompson reiterated his claim of Lodge's priority, but this time Fleming refuted Thompson's claim: "When it is asserted that Lodge sent 'signals' by electric waves in 1894, what it meant is that he caused an oscillatory electric spark made in one room or building to affect a coherer and so move the needle of a galvanometer in an adjacent room, and showed these experiments both at the Royal Institution inJune, 1894, and at the British Association, Oxford, in the same year. But there was not a single trace of any suggestion of application to telegraphy in his lecture and in the reprint of it.""9 "Silvanus P. Thompson October 29, 1906 . Refer also to the articles of Silvanus P. Thompson (October 12,  habitually constructed a number of cable instruments.... When the Morse key at the sending end was held down, the rapid trembler of the coil maintained the wave production, and the deflected spot of light at the receiving end remained in its deflected positions as long as the key was down; but when the key was only momentarily depressed, a short series of waves was emitted, and the spot of light then suffered a momentary deflection. These long and short signals obviously corresponded to the dashes and dots of the Morse code; and thus it was easy to demonstrate the signalling of some letters of the alphabet, so that they could be read by any telegraphist in the audience-some of whom may remember that they did so. Truly it was a very infantile kind of radio-telegraphy, but we found that distance was comparatively immaterial; and at Liverpool, where I was then working, the dots and dashes were received with ease across the quadrangle, or from any reasonable distance."
The same passage was reproduced in Lodge's monograph on the history of the British Association, Advancing Science (1931) , and in his autobiography, Past Years (1932) ." By then, Lodge was over eighty. The experiments had been performed nearly forty years earlier; there were few living scientists who could clearly remember what Lodge had done in 1894. Lodge's argument was picked up by W. H. Eccles, a British radio engineer, and the incorrect diagram of Lodge's detector in 1894, which consisted of a coherer, a telegraphic relay, a hammer-type tapper, and a Morse inker-all of which, except for the coherer, Lodge had not used-appeared in his popular book on radio.'" Eccles's diagram was noticed by Fleming, who was preparing a lecture on Marconi's life and works. Fleming wrote to Lodge to confirm the diagram, and that was the beginning of our story.
Conclusion
Several elements are intermingled in this long history of Lodge's "wireless telegraphy in 1894." A typical battle over the priority of invention is there, but that does not explain everything. Regarding priority, Lodge's concern had rather been his scientific credit as a mediator between Hertz and commercial telegraphy. But Marconi audaciously denied this. Marconi had never admitted Lodge's, nor any "Lodge, "Reminiscences of the Last British Association Meeting" (n. 31 above), pp. 265-66. 
